Introduction
In the modern intensive care unit (ICU) all vital functions are monitored, but continuous information on functions of the central nervous system (CNS) is hardly available. Usually monitoring of the brain consists of taking Glasgow coma scores (GCS) at regular intervals. However many patients, including those with neurological problems, are sedated or receive muscle relaxants, making clinical assessment extremely difficult. 1 There is therefore an urgent need for alternative and more reliable monitoring of the CNS. This resulted in attempts to monitor the CNS electrophysiologically. 2 The electroencephalogram (EEG), in particular continuous EEG recording over 24 h, has been introduced as a potentially valuable monitoring technique for CNS function. 3, 4 Experiences from pioneers in this field revealed many indications in which EEG recording in the ICU is useful, such as refractory nonconvulsive status epilepticus, ischemia and hypoxia. [5] [6] [7] Probably, the most important application of (continuous) EEG in the ICU is the detection and follow up of (non-convulsive) seizures. [8] [9] [10] In a large group of comatose ICU patients who did not have any clinical sign of seizures, 8% of the patients had electrographic seizures. 11 Based on this unexpected high prevalence the authors refer to non-convulsive seizures in the ICU as a 'silent epidemic'. In a more recent study, in an even larger group of 570 subjects, a prevalence of (non-convulsive) seizures of 19% was reported.
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These studies suggest a high prevalence of undiagnosed nonconvulsive epileptic events in the ICU and thus the need for careful monitoring of this condition. However, a major constraint in these studies is that the diagnosis of seizures and status epilepticus often depends on visual analysis of the EEG, whereas there is no consensus on EEG criteria for electrographic seizures. The reliability of visual interpretation of EEG is of great importance in assessing the value of this diagnostic tool. 13 This is especially relevant for non-convulsive seizures, in which the diagnosis relies entirely on EEG features, in contrast to the classic convulsive seizures types, where diagnosis rests upon a combination of clinical semiology and EEG findings. For instance, the 'epileptic' nature of periodic lateralized epileptiform discharges (PLEDs) is controversial. PLEDs have been interpreted as inter-ictal, ictal or postictal. [14] [15] [16] [17] [18] [19] [20] Similarly, periodic short interval epileptiform discharges (PSIDDs) and generalized Seizure 18 (2009) 257-263 periodic epileptiform discharges (GPEDs) are sometimes interpreted as ictal patterns. 21, 22 However, the question remains whether the presence of these phenomena indeed indicates seizure activity. 23 In most studies on non-convulsive seizures in the ICU, details on criteria for EEG seizures are lacking, and little or no information is provided on inter-observer reliability of the applied criteria. Only one set of criteria has been proposed explicitly for non-convulsive seizures. 24 Recently, these criteria have been revised. 25 Although several authors refer to these criteria, nothing is known about their inter-observer reliability.
We designed an experiment to assess the inter-observer reliability of the EEG diagnosis of non-convulsive seizures in comatose patients. We asked nine clinicians with different levels of experience in clinical neurophysiology to evaluate 3 EEG epochs of comatose patients who were admitted to the ICU. Young's EEG criteria for (non-convulsive) seizures were scored in detail for all EEG's. In addition, the clinicians had to decide for each EEG whether there was an electrographic seizure or not. Agreement was calculated using Kappa statistics.
Patients and methods

Study population
We reviewed the database of the department of clinical neurophysiology of the VU University Medical Center and selected all comatose patients without overt clinical seizure activity aged 18 years or older who underwent a routine EEG at the ICU of our center between 1 October 2003 and 1 March 2004. The indication for recording an EEG in these patients was detection of (subclinical) seizures, (subclinical) status epilepticus or encephalopathy. We identified 44 EEG's recorded in 23 patients. EEG's were recorded digitally using 21 electrodes placed according to the International 10-20 System. (Low cut-off frequency of 0.30 Hz and high cut-off frequency of 70 Hz.) Duration of the EEG recordings was at least 30 min. The first 30 EEG's were used in the present study. Of each EEG one of the authors (HR) selected 3 representative 10 s epochs: one corresponding to seizure onset, one in the middle of the seizure, and one at the end of the seizure. From EEG's that were judged to contain no seizures, three samples of background activity were selected. All 90 epochs were included in a PowerPoint 1 presentation. All patients identifying data were masked. Any use of anti epileptic drugs during the EEG was indicated on the slides. When medication was given during the EEG recording, the final epoch shown represented the EEG after medication. This was the case in seven patients. The specific medication (five times clonazepam and two times propofol) was indicated on the slide.
Raters
We asked nine medical doctors (not including HR) to participate in this study. The nine raters could be separated into two levels of experience in interpretation of EEG's. The first group consisted of neurologists with ample (5-10 years) experience in EEG reading and is referred to as the 'experienced group'. The second group consisted of residents in neurology working for several months (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) in the department of clinical neurophysiology, referred to as the 'inexperienced group'.
All raters were asked to look at the PowerPoint 1 slides in one session. There was an instruction about the Young criteria (Table 1) before the scoring session. 24 All raters were allowed to look at each slide for 15 s. After three slides (three epochs of one recording of a single patient) they were requested to fill in a form indicating whether the EEG recording fulfilled each of the primary and secondary Young criteria, and in addition answer the question if this EEG was consistent with an epileptic seizure.
Statistical analysis
To determine the inter-observer agreement of the EEG diagnosis of seizures and the individual Young criteria, kappa values for multiple raters were calculated using statistical package ''Agree'' (version 5.0). Kappa values were calculated for experienced and non-experienced raters separately. Kappa values were also calculated for all pairs of raters.
The strength of agreement was labeled as follows: kappa value <0.40, poor to fair agreement; 0.41-0.60, moderate agreement; 0.61-0.80, substantial agreement; 0.81-1.00, almost perfect agreement. Fig. 1. (A-C) An example of an EEG (3 epochs of 10 s, source derivation) in which there was consensus about the presence of an epileptic seizure on EEG. In addition we calculated the proportion of cases in which all raters agreed upon the presence or absence of a seizure and those in which that was true for all but one rater.
Results
Agreement on the presence or absence in both groups is shown in Table 2 . The overall kappa for the diagnosis seizure was 0.50 in the experienced group, indicating moderate agreement and 0.29 in the inexperienced group, indicating poor to fair agreement.
Kappa values for experienced and inexperienced raters concerning the individual Young criteria are presented in Table 3 . There were considerable differences between the agreement on the criteria, ranging from 0.03 to 0.90 for the experienced raters and from 0.06 to 0.70 for the inexperienced raters. Results suggested that primary criterion 1 and 3 and secondary criteria 1-3 were the most complicated, while secondary criterion 4 was the most straightforward. This kappa value was based upon seven patients who received drugs during the EEG recording.
The kappa values for all pairs of raters are presented in Table 4 . Among inexperienced raters the pair wise kappa values varied between À0.07 and 0.47. Among experienced raters the pair wise kappa values were on average higher ranging from 0.27 to 0.72.
In 6 of 30 EEG's there was full agreement between all raters (both experienced and inexperienced) about the presence or absence of a seizure. Fig. 1 (A-C) shows an EEG (3 epochs) in which there was full agreement. Fig. 2 shows an EEG in which there was marked disagreement between the observers about the presence of a seizure.
Discussion
In this study we evaluated the inter-observer agreement for experienced and inexperienced raters of the EEG diagnosis of (nonconvulsive) seizures in an ICU setting. As expected the agreement for experienced raters was higher than for inexperienced raters. Nevertheless, the agreement for experienced raters was only moderate.
Our results may have implications for the interpretation of studies that report a high prevalence of (non-convulsive) seizures and status epilepticus in ICU patients. Several studies report a high prevalence, but do not indicate very clearly which criteria were used, and do not give agreement or reproducibility scores for the applied evaluation of EEG recordings. [10] [11] [12] 26, 27 In our study the inter-observer agreement of the EEG diagnosis of seizures using the Young criteria was disappointingly low, even for experienced clinical neurophysiologists, and even after explicit instructions on the use of these criteria. This raises some doubt on the reliability of prevalence numbers reported in the literature. Our findings underline the difficulties that may arise when scoring an EEG using the Young criteria. 24 The definition of the criteria could be one source of the low agreement between the observers. For example, to some observers it was not clear whether to score the presence of PLEDs, bilateral independent PLEDs, PSIDDs, and periodic long interval diffuse discharges as fulfilling primary criteria 1 or 3 ( Fig. 3A-C) . It remains to be seen whether the revised version of Young's criteria as described by Chong and Hirsch, 25 is an improvement in this respect. The lack of consensus in the EEG community, with regard to the 'epileptic' significance of certain EEG patterns 23 is a fundamental issue that needs to be resolved. Contrary to the overall poor inter-observer agreement, our study showed good kappa scores for criterion 4, if the seizures disappeared with medication. This might be an indication that this diagnostic tool should be introduced as a standard procedure in suspected seizures suffering patients.
Our study does have limitations. One might argue that the rather unnatural way in which the EEGs were presented to the observers could have influenced the diagnostic process. Normally all pages in an EEG recording are reviewed, filter settings and montages are changed and in the case of suspect discharges, clinical neurophysiologists go back and forth a few times before they decide whether to call an electrographic discharge a seizure. In this process, which sometimes takes place at the bedside, clinical information is also taken into account. For logistic reasons it was not feasible to perform this study in such a 'naturalistic' setting. Therefore, we decided to use an artificial and simplified, but very well controlled approach. In the present study raters had to interpret 3 epochs of 10 s instead of a whole EEG, without the possibility to go back and forth, change filters or settings. By doing so, all raters based their ratings on exactly the same information. The fact that experienced raters performed better than inexperienced residents indicate that our approach does measure neurophysiologic expertise.
Our study has also shown that there may be specific categories of EEGs, which are much more likely to present problems than others. In particular all EEGs with some type of periodic discharge, whether uni-or bilateral, are likely to give rise to different interpretations ( Fig. 3A-C) . In view of this problem it might be a better approach to distinguish more clearly between (i) the description of the EEG phenomena as such, where strict criteria should be applied to obtain a much higher inter-observer agreement and (ii) the clinical interpretation, which may be influenced by other information, and which can be controversial for some type of phenomena. It is quite conceivable that labeling EEG patterns with continuous bilateral periodic discharges as 'epileptic' or 'status epilepticus' in post anoxic patients can sometimes do more harm than good, and may invite unjustified and even risky treatments.
To conclude, we have shown that agreement on the diagnosis of (non-convulsive) seizures or status epilepticus in comatose ICU patients is much lower than is often assumed, even when EEG's are evaluated by experts and strict criteria are used. The only criterion in which a satisfactory inter-observer agreement was reached, was the effect of medication in seizures. This result could be used in practical settings to decide which patients suffering seizures. Therefore, studies reporting estimates of the prevalence of seizures and status epilepticus should be interpreted cautiously. In the future these studies should address the issue of reproducibility of the assessment. Moreover, less ambiguous EEG criteria for (nonconvulsive) seizures and status epilepticus need to be developed and validated.
